Blood and urinary vitamin Be and urinary 4-pyridoxic acid values are reported for 3 rhesus monkeys before and after a 5-day period of pyridoxol-HCl sup plementation. Blood and liver vitamin Be values are given for a group of free-ranging howler monkeys. Microbiological procedures employing Saccharomyces carlsbergensis ATCC 9080, Streptococcus faecium 0 51 NCDO 1229 and Lactobacillus casei ATCC 7469 were used for the vitamin B8 analyses and a microprocedure of the lactone method was used for 4-pyridoxic acid determinations.
Previous reports on vitamin Be values for monkey blood include those of Greenberg and Rinehart (1), Marsh et al. (2) , and Marquez.3 Marquez also determined the vitamin Be content of monkey urine. All these studies were done on the rhesus monkey and the method of determination was microbiological assay employing the yeast Saccharomyces carlsbergensis. No information on vitamin BÂ« values for the howler monkey is available. Data of any kind for this species are limited since ef forts to maintain it in captivity have been largely unsuccessful.
Vitamin Be values are reported here for 2 species of monkey, the rhesus (Macaca mulatta) and the howler (Alouatta carayÃ¡). Blood, urine and liver samples were made available through collaboration with the Oregon Regional Primate Research Center. The effect of a period of vitamin Be sup plementation was studied in rhesus mon keys. These animals were maintained in the controlled environment of the Primate Center and for this study blood and urinary vitamin Be and urinary 4-pyridoxic acid determinations were made before and after a period of pyridoxol-HCl supplementation. The howler monkeys were free-ranging in their native habitat of Argentina. Hence, for this species, vitamin Be determinations were made on blood and liver samples that had been obtained in the field and constituted part of a study to be reported elsewhere on the possible relationship be tween vitamin Be deficiency and the pres ence of coronary lesions (3) .
For the studies reported here the same routine microbiological procedure of Atkin et al. (4) employing S. carlsbergensis ATCC 9080 was used. In addition, 2 other organisms, Streptococcus faecium 0 51 NCDO 1229 and Lactobacillus casei ATCC 7469, provided a differential type assay based on that of Rabinowitz and Snell (5) and modified by Gregory (6) . S. carlsbergensis responds to all 3 forms of the vitamin (pyridoxal, pyridoxol, and pyridoxamine).
S. faecium responds to pyridoxal and pyridoxamine, and L. casei responds to pyridoxal. To our knowledge vitamin Be values for monkey blood, urine and liver based on the latter two vitamin Be-dependent assay organisms have not been reported.
The problems encountered in applying microbiological procedures to the determi nation of vitamin B6 in blood have been discussed by Storvick and Peters (7) and by Haskell and WallnÃ ¶fer (8) . Blood ap pears to contain growth-promoting, or inhibitory substances, or both, for the various organisms that invalidate use of the differential technique. Moreover, in hibition has been mentioned by Rabinowitz and Snell (5, 9) and by Short and Fairbairn (10) as a problem in S. carlsbergensis assays for the vitamin B8 content of urine.
EXPERIMENTAL

Rhesus monkey study
Vitamin B, supplementation procedure. This experiment was designed to demon strate the effect of an extended period of pyridoxol-HCl4 supplementation on the vitamin B8 content of blood and urine of 3 adult rhesus monkeys. These animals had been conditioned to restraining chairs and were fed a pelleted commercial diet5 plus small amounts of apple and banana. The individual monkeys consumed ap proximately 200 g daily of the commercial diet, which by analysis with S. carlsbergensis contained approximately 7 tag of vitamin B6/g of diet. Therefore, the esti mated vitamin B8 intake during the unsupplemented period was about 1.4 mg/ day.
To establish base levels for the vitamin in blood and urine, control samples were obtained before the period of supplemen tation. For the 3 days preceding supple mentation 24-hour collections of urine were made and peripheral blood samples were drawn 48 hours before supplementation.
During the period of supplementation the monkeys were fed, in addition to their regular diet, 20 mg of pyridoxol-HCl daily for 5 consecutive days. Blood was not taken and urine was not collected during this 5-day period.
Beginning 24 hours after the last supple ment was given, daily urine collections were made for 3 consecutive days. Periph eral blood samples were drawn 48 hours after supplementation had ceased.
Preparation of the samples for analysis.
Blood samples were oxalated and kept frozen until hydrolyzed before microbio logical assay. The samples were protected from light as much as possible. Hydrolysis was done with 0.055 N HC1 in the ratio of 1 ml of blood plus 20 ml of acid by autoclaving for 5 hours at 121Â°.After hydro lysis, the samples were adjusted to pH 7 with KOH and then back to pH 5.2 with HC1 before adjustment of the volume and filtration through Whatman no. 50 filter paper. The filtrates were refrigerated overnight, autoclaved for 5 minutes at 121Â°, and refiltered to remove any pre cipitated protein. If not assayed immedi ately the samples were layered with ben zene and refrigerated.
Urine collections were made under toluene in plastic bottles surrounded by ice and protected from light as much as possible. They were stored frozen until hydrolyzed before analysis. The urine samples were prepared for microbiological assay according to the method of Sauber lich.6 A 10 ml aliquot of urine was auto claved with 50 ml of 0.1 N HC1 for 30 minutes at 121Â°.The sample was cooled, adjusted to pH 5.2 with KOH, and diluted to 100 ml before filtration through What man no. 1 filter paper. For the determi nation of urinary 4-pyridoxic acid the microprocedure of Woodring et al. (11) was used.
Howler monkey study
The monkeys were trapped on the islands opposite Bella Vista, Corrientes and transported to Buenos Aires. During captivity, water and food were provided ad libitum. Within 72 hours of their cap ture, blood and liver samples were ob tained under thiopental sodium anesthesia.
Preparation of the samples for analysis. Blood samples were oxalated and frozen for air shipment to the Oregon Regional Primate Research Center. They remained frozen until hydrolyzed and assayed as described for the rhesus monkey samples.
Samples weighing 3 to 4 g from each of 6 livers were received frozen for deter mination of the vitamin Be content. Ap proximately l g of each sample was ho mogenized in a portion of the 100 ml of 0.055 N HC1 used for hydrolysis. The homogenates were hydrolyzed for 5 hours at 121Â°. The sample preparation was con tinued in the same manner as for blood, except that it was unnecessary to heat and rÃ©futerthe hydrolysate following re frigeration overnight since no additional protein precipitation took place upon heating.
RESULTS AND DISCUSSION
Rhesus monkeys. Response to a vitamin
Be supplement.
The limitations of the 3 organisms, utilizing the differential tech nique with regard to the assay of blood, have been pointed out (7, 8) . Therefore, it must be recognized that vitamin B8 values for blood, particularly for samples drawn before supplementation, are prob ably not valid due to the very small amount of vitamin B6 present in relationship to interfering substances. All 3 assay or ganisms, however, were able to measure the response of the blood to vitamin Be supplementation, since large increments of the vitamin were found in blood follow ing supplementation (table 1) . The results showed that a high proportion of the vitamin was still in the form of pyridoxol. A significant feature was the time of sampling at which these high values were obtained, namely, 48 hours after supple mentation had ceased. In studies reported by Marquez3 on humans there was a rapid return to normal levels of vitamin Be in blood when a single 100 mg test dose of pyridoxol was given. On the other hand Marsh et al. (2) studied both humans and rhesus monkeys receiving pyridoxine sup plements over extended periods of time. Elevation of blood vitamin Be continued for some time after supplementation had ceased. These investigators suggested that return to initial levels following supple mentation depends to some extent upon the duration of the period of increased intake. The prolonged high levels of vitamin B6 in blood found in our study may be due to the sustained 5-day period of supplementation as opposed to a single test dose. They may suggest that the laboratory diet, although adequate for pre vention of clinical vitamin Be deficiency symptoms, did not provide for tissue saturation.
The literature indicates that the require ment for vitamin B6 in all species studied including the monkey is still controversial. It varies with a number of factors, in cluding the type of diet and the maturity of the animals, and must be reported in terms of the criteria of adequacy used. The requirement for rhesus monkeys in dicated by Rinehart and Greenberg (12) of 50 tig/kg of body weight is frequently cited if optimum growth and freedom from obvious clinical lesions are the criteria employed. Based on the same parameters a somewhat higher requirement, namely 1 to 2 mg/day, has been suggested by Marquez3 and by Emerson et al. (13) . When biochemical parameters such as maximum enzyme levels are used as the indexes of adequacy, however, the intake needed to achieve such levels may be even higher. For example, Marsh et al. (2) have shown that 4 mg/day are necessary to maintain maximum transaminase levels in the blood of rhesus monkeys. Whether or not maximum enzyme levels are neces sarily optimal has not yet been established. In the study reported here, the only criteria of adequacy were apparently nor mal growth and the absence of obvious clinical lesions. However, the blood values as measured by S. carlsbergensis for the period before supplementation approximate those found by Marquez3 for monkeys on what she considered a less than optimum intake of 0.5 mg/day. It may be that the 1.4 mg/day provided by the laboratory diet at the Oregon Regional Primate Research Center was still only marginal for these monkeys. Certainly the continued elevation of blood levels after supplemen tation had ceased, together with the con siderably delayed urinary excretion of the vitamin, indicates that the monkeys had the capacity to retain larger amounts of the vitamin than were provided by the regular laboratory diet. Whether this rep resents an adaptation by the organism to larger amounts of the vitamin or whether it can be related to the achievement of tissue saturation remains speculative. Table 2 shows the urinary vitamin B8 and 4-pyridoxic acid levels before and after supplementation. The assay values obtained by S. carlsbergensis on the con trol samples were somewhat lower than those obtained by S. faecium. This type of problem has been reported in assays on human urine by Rabinowitz and Snell (5, 9). They suggested that it was due to the presence of materials toxic to the yeast which suppressed its response to vitamin B6. Nevertheless, S. carlsbergensis has been the organism of choice in all studies to determine vitamin B8 require- ments. In this study the urine values ob tained by the yeast for the control samples approximate those reported by Marquez * for rhesus monkeys on a pyridoxol-HCl intake of 0.5 mg/day. With regard to urinary vitamin B9 values following sup plementation, all 3 organisms measured large increments of vitamin Be. The S. carlsbergensis assays revealed that there was considerable excretion of the vitamin as pyridoxol. It seems likely that this pyridoxol represents excess intake and probably was not involved coenzymatically. However, there was also a marked increase in the excretion of 4-pyridoxic acid in the urine following supplementation, indicat ing considerable conversion of some of the extradietary pyridoxol to the metabo lite. These results show that a prolonged elevation of urinary vitamin Be occurs with a sustained period of pyridoxol-HCl sup plementation and corroborate the observa tions for blood. Somewhat analogous findings on the delayed elimination of pyridoxol supplements in humans and some interesting hypotheses to explain these phenomena have been made by Johansson et al. (14) .
It is hoped that in future studies samples might be analyzed at close intervals both during and after supplementation, and that sampling might be continued long enough to allow the blood and urinary vitamin B6 levels to return to those of the presupplementation state. Howler monkeys. Vitamin Bt content of blood and liver. The vitamin Be con tent of the blood of 19 free-ranging howler monkeys is shown in table 3. With one exception, the values obtained by the S. carlsbergensis assay of the blood ranged between 4 and 10 ug/100 ml. These values are higher than those found in the study on rhesus monkeys reported here, but are similar to values found for rhesus monkeys by Greenberg and Rinehart (1) .
The livers of 6 of these monkeys were assayed for vitamin Be (table 4). Signifi cant was the fact that the differential assay technique could be applied to liver hydrolysates. It is possible that the inhibitory or stimulatory substances, or both, that interfere with such assays for blood do not exist in liver. A more logical explana tion, however, may be based on the ob servation that the vitamin Bc content of liver is much higher than that of blood. This higher concentration requires con siderable dilution before assay which may result in diluting out the interfering sub stances. The differential technique reveals that most of the vitamin in liver hydrolysates is present in the pyridoxamine form. A lesser amount is in the pyridoxal form and the amount of pyridoxol is negligible. 
